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Solar-like stars observed by Kepler: an
incredible adventure
R.A. Garcı´a
Abstract The NASA Kepler mission –in flight since March 2009– is producing an
enormous number of high-quality continuous light curves. Now, and for the first
time ever, we are able to do ensemble asteroseismology, i.e., to do an asteroseismic
analysis with a statistically significant sub-sample of solar-like stars covering a wide
range of stellar characteristics. In the present work, I highlight some of the most
recent studies carried out using these data.
1 Introduction
Kepler [7] is a planet-hunter mission to look for Earth-size planets around solar-like
stars in the habitable zone. The photometric stability and the quiet environment pro-
vided by the Earth trailing heliocentric orbit offers a great opportunity to perform
asteroseismic observations of thousands of stars (after some specific processing of
the light curves [17]) among the 150,000 observed by Kepler at a single star field
in the Cygnus-Lyra region of the galaxy. Kepler is planned to work for 3.5 years
with a possible extension to 6 years. With its telescope of 0.95-m aperture, Kepler
monitored 100,000 stars at any time with a cadence of 29.42 min (long-cadence
measurements). A subsample of 512 stars can be observed at a much faster ca-
dence of 58.85s (short-cadence measurements; Nyquist frequency of ∼ 8.5 mHz)
allowing for more precise transit timings [19]. This running mode is of particular
interest for asteroseismology because it allows us to study stochastically-excited os-
cillations in main-sequence solar-like stars and subgiants [10]. During the first year
of operations, the working group 1 of the Kepler Asteroseismic Science Consor-
tium (KASC http://astro.phys.au.dk/KASC/) observed more than 2000
solar-like stars looking for stellar pulsations with 1-month long time series reporting
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their existence in more than 550 stars [13]. From the second year on, around 60 stars
have been continuously observed for a year and additional ∼ 150 stars have been
observed for at least 3 continuous months. All this observational set constitutes an
ensemble in which we can perform very accurate asteroseismic analyses. Moreover,
stellar evolution studies of solar-like stars are completed by the analysis of several
thousands of red giants measured in the Kepler long-cadence mode (e.g. [5], [23]).
2 Some initial results
Asteroseismology is a powerful tool to look inside the stars and put strong con-
straints in structure and evolution models (see e.g. [30], [24], [29]). In pulsating stars
that host planets, asteroseismology allows us to also place very tight constraints on
the exoplanetary systems (e.g. [15], [1], [2]).
Fig. 1 ´Echelle diagram of
the post main-sequence star
KIC 11395018 showing a
mixed mode between the
ridges of the l=0 and 1 modes
and a few bumped l=1 modes.
Adapted from [28].
Depending on the signal-to-noise ratio of the modes –which also seems to depend
on the magnetic activity of the star [11]– on one hand we can have access to only
some global seismic parameters (e.g. ∆ν , νmax, Amax [35]) of the stars using a new
generation of automatic procedures that have been set up for solar-like pulsating
stars (e.g. [20], [22],[26], [31]) including red giants [21]. From these measurements
we were able, for example, to verify [34] the logg and the radius of the Kepler
Input Catalog [8] inferred from the scaling relations based on solar values ([25]
and [12]). On the other hand –when the signal-to-noise ratio is high enough– we
can characterize very precisely the individual p-mode parameters (e.g. [28], [9]). In
Fig. 1 the e´chelle diagram of KIC 11395018 –observed for more than 8 continuous
months– is shown. We clearly identify the ridges of the modes l=2, 0, and 1 from
left to right respectively. A nice feature of the power spectrum is the presence of a
mixed l=1 mode at 740.29 µHz that bumps the modes in the surrounding orders.
Indeed mixed modes are very interesting. They behave like acoustic modes near the
surface of the stars and as g modes in the interior. They have a very high sensitivity
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to the core of the stars. In the case of the red giants, many mixed modes can be
measured (see e.g. [3]). They can be used to determine the status of the core (if they
are already burning He or not [6]) and even to track the internal differential rotation
([4], Deheuvels et al. in preparation). In the case of the subgiants, where only a few
mixed modes are available, their position in frequency depends very much on the
age of the star and can be used to further constrain the models [14].
The high number of stars available to the asteroseismic research allows us to
build evolutionary sequences of stars –of similar masses and compositions– and
study the evolution of the physical processes governing their interiors as a function
of time, like a collection of snapshots of the life of a star (see [33] for more details).
With the possible extension of the Kepler mission to 6 years, the future of the
solar-like studies with Kepler is amazing. In particular, having several years of con-
tinuous observations of a several dozens of stars will allow us to study their dynam-
ics: rotation [18] and magnetic fields. Indeed we will be able to study the surface
magnetic activity [27] at the same time as the internal one [16], and the internal
structure including the characteristics of the convective zones. The physical pro-
cesses governing the dynamos will be better constrained and we will improve our
knowledge of the solar dynamo, which still hides its secrets (e.g. [32]).
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